Europiisches Patentamt 




(19) 


^nij European Patent Office 






Office europeen des brevets 


(11) EP1 125 912 A2 


(12) 


EUROPEAN PATENT APPLICATION 


(43) 


Date of publication: 


/c-i\ i«* /^i 7. f^HTf^ l^i/Afi r^(y7C^ R1MA 
(oi) Intel/: OUf W Ol/*^0, OU/ O O i/^f^i 




22.08^001 Bulletin 2001/34 


C07C 57/04 


(21) 


Appiioaiion nunriDer. uioui^Qp.<f 




(22) 


Date of filing: 14.02.2001 




(»4) 


Designated Contracting States: . 


• Ishli, Yoshltake 


AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 


Hlmejl-shl, Hyogo 671-1242 (JP) 




MC NL PT SE TR 


• Matsumoto, Yukihiro 




Designated Extension States: 


Kobe-8hi, Hyogo 655-0035 (JP) 




AL LT LV MK RO SI 


• Nishimura, Takeshi 






HImeJI-shI, Hyogo 671-1263 (JP) 


(30) 


Priority: 14.02.2000 JP 2000035107 




(74) Representative: Klllin, Stephen James et al 


(71) 


Applicant: Nippon Shokubal Co., Ltd. 


Venner, Shipley & Co., 




Osaka-8hl, Osaka 541-0043 (JP) 


20 Little Britain 




London EC1A7DH (GB) 


(72) 


Inventors: 




• 


Hirao, Harunorl 






HImeJI-shI, Hyogo 671-1227 (JP) 





(54) Method for absorbing acrylic acid and method for purifying acrylic acid 



(57) This invention concerns a method for absorbing 
acrylic acid, characterized by supplying an acrylic acid- 
containing reaction gas component obtained by the re- 
action of catalytic gas phase oxidation to an acrylic acid 
absorption column and advancing a high boiling inert hy- 
drophobic organic liquid into counter-flow contact with 
said reaction gas in said acrylic acid absorption column 
with the mass flow rate of the organic liquid fixed in the 



range of 0.2 - 4.5 times the mass flow rate of the acrylic 
acid in the reaction gas thereby absorbing acrylic acid 
in said organic liquid and obtaining an acrylic acid-con- 
taining solution and a method for purifying acrylic acid, 
comprising a step for purifying the acrylic acid-contain- 
ing organic liquid obtained by the step mentioned above. 
By this invention, a product of acrylic acid containing a 
low boiling substance at a low concentration can be pro- 
duced. 



FIG. 1 Relation ship of AAand LB 
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EP1 125 912 A2 

Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention: 

[0001 ] This invention relates to a nnethod for absorbing acrylic acid and a method for purifying acrylic acid, and more 
particularly to a method for the purification of acrylic acid which comprises absorbing acrylic acid by contact thereof at 
a specific ratio with a high boiling inert hydrophobic organic liquid and purifying the high boiling inert hydrophobic 
10 organic liquid containing acrylic acid at a specific concentration. 

Description of the Related Art: 

[0002] Such easily polymerizing substances as acrylic acid and methacrylic acid are raw materials for commercial 
15 manufacture and are chemical substances which are mass produced in a plant of a large scale. Since these compounds 
are generally produced through various steps of absorption and purification for the purpose of affording manufactured 
goods of high purity. 

[0003] When propylene, propane, or acrolein, for example, is subjected to catalytic gas phase oxidation with a mo- 
lecular oxygen-containing gas in the presence of an oxidizing catalyst, the oxidation generates such low boiling sub- 

20 stances as acetic acid, lower aldehydes, and water and such high boiling substances as furfural and maleic anhydride 
as by products in addition to acrylic acid which is a target product. Thus, the mixed gas consequently obtained is guided 
to an acrylic acid absorption column and brought into contact therein with an absortaent to absorb and collect acrylic 
acid into the liquid, thereby obtaining a solution containing acrylic acid and other by-products and this solution is sub- 
jected to distillation, stripping, extraction, or crystallization to separate and purify acrylic acid and the product aimed 

25 at is obtained. 

[0004] Since the absorption of acrylic acid from the acrylic acid-containing gas allows the acrylic acid to be absort^ed 
in a high concentration, generally an absorbent having water as a main component is used for this absorption. Since 
this absorption can be attained in a high absorbing coefficient even at a comparatively high temperature in the range 
of 50 - 70'C, it is at an advantage In pennitting a saving in the energy needed to cool the reaction gas which Is generated 

30 at a high temperature in the neighborhood of 300*»C. 

[0005] The step for removing low boiling substances, however, requires a large volume of energy because it entails 
the necessity for separating water. Further, since the aqueous absorbent, while pemriitting easy absorption of acrylic 
acid, contains acrylic acid which is an easily polymerizing compound at a high concentration, it is liable to fonm acid 
dimer and polymer at the steps of absorption and purification. 

35 Particularly, since the water itself is a low boiling substance, the acrylic acid gains in concentration after from the step 
for separation and purification in a light ends cut column and tends to generate a polymer. Further, the low boiling 
substances are not easily separated in a purified fomi from acrylic acid and are possibly suffered to persist in relevant 
manufactured goods to the extent of degrading the purity thereof. 

[0006] In contrast to the method which uses such a low boiling substance as water, for example, as the absorbent. 

40 a method for absorbing acrylic acid by using a high boiling inert hydrophobic organic liquid has been also known. This 
method is at an advantage in not suffering acrylic acid to gain in concentration till the final step for obtaining acrylic 
acid as a final product and repressing the amounts of dimer and polymer to be formed because the absorbent is a high 
boiling substance. Further, the separation of low boiling substances and the consequent purification of acrylic acid are 
attained far easier in this method than the method using the aqueous absorbent. Thus, the practice of purifying acrylic 

45 acid via an operation of recovery using a high boiling inert hydrophobic organic liquid prevails. 

[0007] The official gazette of US-4. 1 1 0,370, for example, gives a description to the effect that, in a method for sep- 
arating acrylic acid from a reaction gas mixture resulting from the catalytic gas phase oxidation of propylene by counter- 
flow absorption using a high boiling inert hydrophobic organic liquid, a mixture consisting of 73.5 wt. % of diphenyl 
ether and 26.5 wt. % of diphenyl is supplied at a flow rate of 450 kg per hour to an absorption column and the reaction 

50 gas arising from catalytic oxidation of propylene containing 3 vol. % of acrylic acid is supplied at a flow rate of 520 Nm^ 
per hour to the absorption column to absorb the acrylic acid. This operation as reduced to the standard condition equals 
supply of an absorbent at a feed rate of 450 kg per hour to 50.2 kg (520 Nm3 x 0.03 x 72.1 g/0.0224 m3) of acrylic 
acid. Thus, the ratio of the amount of the absoriDent relative to acrylic acid of the operation disclosed in the official 
gazette is 450 kg/50.2 kg = about 9 times the amount of a high boiling inert hydrophobic organic liquid. 

55 [0008] Then, the official gazette of US-3,932,500 discloses in a worthing example cited therein the technique of ab- 
sortJlng acrylic acid by supplying 2692 N liters of a reaction gas containing 2.52 vol. % of acrylic acid to an absorption 
column and introducing thereto an absortaent consisting of 75 wt. % of diphenyl ether and 25 wt. % of diphenyl at a 
flow rate of 1 .98 kg per hour. This operation as reduced to the standard condition equals supply of 1 .98 kg per hour of 



2 




EP1 125 912 A2 



the absorbent to 218 g (2692 N liters x 0.0252 x 72.1 g/22.4 liters) of acrylic acid. This time again, the ratio of the 
amount of the absorbent relative to acrylic acid of the operation disclosed In the official gazette Is 1 .98 kg/21 8 g = about 
9 times the amount of a high boiling inert hydrophobic organic liquid. 

[0009] The method disclosed in the official gazette of US-5.780,679. likewise in a process of separating acrylic acid 
5 from the reaction gas mixture resulting from the catatytic gas phase oxidation of propylene and/or acrolein by counter- 
flow absorption using a high boiling inert hydrophobic organic liquid, absorbs acrylic acid by supplying an absorbent 
consisting of 57.2 weight % of diphenyi ether, 20.7 weight % of diphenyl, and 20 weight % of o-dimethyl phthalate at 
52*C at a flow rate of 1 60.8 kg per hour to 220.2 kg of a gas containing 1 5.5 weight % of acrylic acid at 204»C. The 
ratio of the amount of the absorbent relative to acrylic acid as disclosed in the official gazette is 1 60.8 kg/h/ (220.2 kg/ 
10 h X 15.5/100) = 4.7. This official gazette has a mention to the effect that in consequence of the absorption mentioned 
above, the bottoms of the acrylic acid absorption column have an acrylic acid concentration of 15.2 weight %. 
[0010] When acrylk: acid is absorbed by the use of a high boiling inert hydrophobic organic liquid as described above, 
since the organic liquid manifests an inferior absoriaing ability to acrylic acid, it is ordinary to use the organk: liquid in 
a large volume in an effort to repress the loss of acrylic acid through the top of the acrylic acid absorption column. In 
15 the conventional techniques, the ratios of the amount of an absorbent relative to acrylic acid have been invariably not 
less than 4,7 as described above. 

[0011] Since the high boiling inert hydrophobic organic liquid has a high price, the necessity for reusing the organic 
liquid which has been used in the process for purifying the produced acrylic acid is markedly high as compared with 
the aqueous absorbent. In this case, since the repuriftoation of the used organic liquid must avoid inducing excess 
20 concentration of the high boiling substance contained therein, the reuse of Interest has its own limit. Further, the use 
of the organic liquid in a large amount inevitably entails the problem of adding to utilities for transfer and enlarging 
devices and pipes used for the transfer. 

[0012] Moreover, the use of the high boiling inert hydrophobic organic liquid particularly in a large amount as an 
absorbent entails an addition to the amount of absorption of the low boiling substance which is difficult of separation 
25 from acrylic acid. Since acrylic acid and the low boiling substance are separated only with difficulty in the distillation 
column, the low boiling substance possibly persists in the crude acrylic acid to be produced. For the purpose of de- 
creasing the mass of the low boiling substance In the crude acrylic acid, therefore, it becomes necessary to subject 
the crude acrylic acid further to a treatment for purification Intended to separate the low boiling substance and, to 
increase the reflux ratio during the course of the purification. 

30 

SUMMARY OF THE INVENTION 

[0013] The present inventor has pursued an elaborate study on the step for absorption of an acrylic acid -containing 
gas and the step for separation by distillation of a low boiling substance which have been in vogue heretofore. He has 

35 consequently found that the absortaing coefficient of a low boiling substance Is lowered and a high boiling Inert hydro- 
phobic organic liquid having a high acrylic acid concentration is obtained while the absoriaing coefficient of acrylic acid 
Is kept intact by decreasing the amount of an absort3ent in an acrylic acid absorption column and, at the same time, 
lowering the temperature of the top of the column. Further, what surprises the inventor is the fact that the acrylic acid- 
containing high boiling Inert hydrophobic organic liquid obtained In consequence of this absorption exceptionally excels 

40 in the ratio of separation of a low boiling substance. Thus, by the use of the high boiling inert hydrophobic organic liquid 
of a low capacity which excels not only In economy but also in the effect of separation of a low boiling substance, the 
product of acrylic acid is enabled to be manufactured easily with high purity. The task Imposed on this Invention is 
accomplished by the following items (1) - (3). 

45 (1) A method for absortJing acrylic acid, characterized by supplying an acrylic acid-containing reaction gas com- 

ponent obtained by the reaction of catalytic gas phase oxidation to an acrylic acid absorption column and advancing 
a high boiling inert hydrophobic organic liquid into counter-flow contact with said reaction gas in said acrylic acid 
absorption column with the mass flow rate of the organic liquid fixed in the range of 0.2 - 4.5 times the mass flow 
rate of the acrylic acid in the reaction gas thereby absorbing acrylic acid in said organic liquid and obtaining an 

50 acrylic acid-containing solution. 

(2) A method for purifying acrylic acid, comprising a step of absortaing acrylic acid by supplying an acrylic acid- 
containing reaction gas component obtained by the reaction of catalytic gas phase oxidation to an acrylic acid 
absorption column and advancing a high boiling inert hydrophobic organic liquid into counter-flow contact with the 
reaction gas in said acrylic acid absorption column with the mass flow rate of the organic liquid fixed in the range 

55 of 0.2 - 4.5 times the mass flow rate of the acrylic acid in the reaction gas thereby absorbing acrylic acid in the 

organic liquid and obtaining an acrylic acid-containing solution and 

a step of purifying said acrylic acid-containing solution obtained by the preceding step. 

(3) A method for purifying acrylic acid, characterized by subjecting to said purification a high boiling inert hydro- 
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phobic organic liquid containing a reaction gas component obtained by the reaction of catalytic gas phase oxidation 
and said organic liquid containing at least acrylic acid in an amount in the range of 1 8 - 75 weight %. 

By this invention, it is enabled to obtain a high boiling inert hydrophobic organic liquid containing acrylic acid 
at a concentration in the range of 18 - 75 weight % from an acrylic acid-containing gas fomried by the reaction of 

5 catalytic gas phase oxidation, attain efficient separation of a low boiling substance by purifying the organic liquid. 

and manufacture a product of acrylic acid containing a low boiling substance only at a low concentration. Further, 
in the absorption of an acrylic acid-containing gas resulting from the reaction of catalytic gas phase oxidation by 
the use of a high boiling inert hydrophobic organic liquid, by using the high boiling inert hydrophobic organic liquid 
in an amount 0.2 - 4.5 times the mass flow rate of the gas, it is made possible to obtain bottoms of an absorption 

10 column containing a low boiling substance at a low concentration and, by effecting the purification with the bottoms, 

It is enabled to obtain a product of acrylic acid containing a low boiling substance at a low concentration. 

BRIEF DESCRIPTION OF THE DRAWINGS 

15 [0014] Fig. 1 is a diagram showing the ratio of a low boiling substance to acrylic acid to be found when acrylic acid 
is absorbed and a low boiling substance is separated for varying ratio of the amount of an absorbent relative to an 
acrylic acid-containing gas. In the diagram, the ratios of a low boiling substance (acetic acid, acrolein, water) to acrylic 
acid in the bottoms of an acrylic acid absorption column found in an operation of supplying to the acrylic acid absorption 
column a reaction gas resulting from the reaction of catalytic gas phase oxidation of propylene and adjusting the ratio 

20 of amount of absorbent/gas by varying the amount of the high boiling inert hydrophobic organic liquid (composition: 
73.5 weight % of diphenyl ether and 26.5 weight % of diphenyl) are indicated with filled circles (•) and the amounts 
(weight ppm) of a low boiling substance relative to acrytic acid in the bottoms of a light ends cut column found In an 
operation of distilling the bottoms containing acrylic acid at the aforementioned concentration are indicated with filled 
triangles (A). 

25 [001 5] Fig. 2 is a schematic diagram illustrating a preferred mode of embodying the method of purification according 
to this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

30 [0016] This invention concems a method for absorbing acrylic acid, characterized by supplying an acrylic acid-con- 
taining reaction gas component obtained by the reaction of catalytic gas phase oxidation to an acrylic acid absorption 
column and advancing a high boiling inert hydrophobic organic liquid into counter-flow contact with said reaction gas 
in said acrylic acid absorption column with the mass flow rate of said organic liquid fixed in the range of 0.2 - 4.5 times 
the mass flow rate of the acrylic acid in the reaction gas thereby absorbing acrylic acid in the organic liquid and obtaining 

35 an acrylic acid-containing solution and a method for purifying acrylic acid, characterized by subjecting to said purification 
a high boiling inert hydrophobic organic liquid containing a reaction gas component obtained by the reaction of catalytic 
gas phase oxidation and said organic liquid containing at least acrylic acid in an amount In the range of 18 - 75 weight 
% thereby attaining separation from the organic liquid of acrylic acid and a reaction gas having a lower boiling point 
than acrylic acid. The tenn "mass flow rate of an acrylic acid in a reaction gas" as used herein refers to weight of an 

40 acrylic acid in the reaction gas to be supplied into an acrylic acid absorption column per an hour. Similarly, the term 
"mass flow rate of a high boiling inert hydrophobic organic liquid" refers to a weight of the organic liquid to be supplied 
into an acrylic acid absorption column per an hour. Moreover, the temn "purification" as used in the specification hereof 
embraces distillation and stripping. The temn -distillation" as used herein refers to a method for heating a given solution 
till the boiling point thereof and separating the volatile component contained therein and the terni "stripping" as used 

45 herein refers to a method for supplying a stripping gas thereby migrating the gas or the vapor dissolved In the solution 
to the gas phase. Now, this invention will be described in detail below. 

[0017] The high boiling inert hydrophobic organic liquid has a low ability to absorb acrylic acid as compared with the 
aqueous absorbent. Thus, in the absorption of the acrylic acid-containing gas resulting from the reaction of catalytic 
gas phase oxidation by the use of the organic liquid, it has been ordinary for the sake of effective absorption of acrylic 

50 acid emanating from the top of an acrylic acid absorption column to use the absorbent in an amount exceeding 4.5 
times the mass flow rate of the acrylic acid in the reaction gas. Since the high boiling inert hydrophobic organic liquid 
is expensive, however, the necessity for reusing this organic liquid is great and particularly the decrease in the amount 
of the absorbent, if successful, results in decreasing the cost for transfer and proves economicaily advantageous. An 
experiment conducted on the absorption of acrylic acid, with the amount of supply of a high boiling inert hydrophobic 

55 organic liquid to an acrylic acid-containing gas varied during the process of the absorption of acrylic acid, has revealed 
the relation between the acrylic acid absorbed by the high boiling inert hydrophobic organic liquid and a low boiling 
substance as shown in Table 1 and Fig. 1 . As used in Table 1 and Fig. 1 , AA stands for acrylic acid. LB for a low boiling 
substance, and the amount of absorbent/gas for the ratio of the mass flow rate of the absorbent relative to the acrylic 
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acid in the reaction gas. 



Table 1 





Bottonns liquid of acrylic acid absorption column 


Bottoms liquid of light ends cut 
column 


Amount of 
absorbent/gas 


AA cone. 
(weight%) 


LB cone. 
(weight%) 


LB/AA ratio 
(weight %) (X) 


LB/AA ratio 
(weight ppm) (Y) 


Ratio of LB 
separation (X - 
Y)/X 


5.6 


15.0 


1.13 


7.5 


2480 


0.967 


4.8 


1 7.0 


1.26 


7.4 


1880 


0.975 


4.0 


1Q 7 


1 .44 


7.3 


1360 


0.982 


2.3 


29.6 


2.07 


7.0 


600 


0.992 


1.4 


40.6 


2.80 


6.9 


390 


0.995 




49.8 


3.44 


6.9 


330 


0.995 


0.8 


52.8 


3.70 


7.0 


330 


0.995 


0.7 


56.1 


3.98 


7.1 


340 


0.995 


0.6 


59.9 


4.31 


7.2 


360 


0.995 


0.5 


64.1 


4.81 


7.5 


410 


0.995 


0.3 


68.9 


5.61 


8.0 


580 


0.993 


0.2 


74.4 


6.40 


8.6 


1340 


0.985 


0.1 


87.1 


8.10 


9.3 


5400 


0.942 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



[001 8] When the amounts of the absorbent and the gas in an acrylic acid absorption column are varied, the variations 
cause the concentration of acrylic acid and the concentration of a low boiling substance in the bottoms liquid of an 
acrylic acid absorption column to vary proportionately. It follows that the ratio in weight % of the low boiling substance 
to the acrylic acid can be calculated at a varying acrylic acid concentration of the bottoms liquid of the acrylic acid 
absorption column (Table 1 refers). The filled circles (•) in Fig. 1 depict this relation. It is noted from the data of interest 
that the separation between the acrylic acid and the low boiling substance is such that the efficiency of this separation 
increases in accordance as the LB/AA ratio decreases and that the LB/AA ratio mentioned above is low particularly 
when the concentration of acrylic acid in the bottoms of the acrylic acid absorption column is in the range of 18 - 60 
weight %. The data "ratio of LB separation [(X - Y)/X]" shown in Table 1 represent the results obtained by supplying 
the bottoms of the acrylic acid absorption column to the light ends cut column, separating the low boiling substance 
therein, and calculating the ratio of separation of the low boiling substance. 

[001 9] What Is found from these results is the fact that the concentration of the low boiling substance in the bottoms 
of the acrylic acid absorption column increases in inverse proportion to the decrease in the amount of the absorbent 
to be used and that the concentration of the low boiling substance relative to the amount of acrylic acid in the bottoms 
shows the lowest value of 6.9 when the ratio of amount of absoriaent/gas is In the range of 1 .4 to 0,9 and Increases 
before and after this range. That is, when the ratio of amount of absorijent/gas is varied, this variation brings a difference 
between the absorbing coefficient of the low boiling substance and the absortaing coefficient of acrylic acid. By effecting 
the absorption with the absorbent used In a specific ratio of amount, therefore, it Is made possible to obtain the high 
boiling Inert hydrophobic organic liquid absorbing a low boiling substance in a small amount and containing acrylic acid 
at a high concentration. Moreover, the ratio of separation of the low boiling substance is increased when the low boiling 
substance is separated by using the bottoms liquid, which has the low LB//VA ratio, of an acrylic acid absorption column 
in a light ends cut column. For example, the ratio of LB separation In the light ends cut column shows a peak top of 
0.995 when the concentration of acrylic acid In the bottoms of the acrylic acid absorption column supplied to the light 
ends cut column is in the range of 40.6 - 64.1 weight % and this ratio of LB separation in the light ends cut column 
gradually decreases before and after the peak top in accordance with increase of the LB/AA ratio in the bottoms of the 
acrylic acid absorption column. This fact indicates that the separation of the low boiling substance is varied by the LB/ 
AA ratio in the bottoms of the acrylic acid absorption column. 

[0020] What should be particularly noted here Is the fact that even when the LB//\A ratio in the bottoms of the acrylic 
acid absorption column is fixed, the ratio of LB separation In the light ends cut column increases in accordance as the 
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concentration of AA increases. This fact can be easily conflmried by the observation that when the LB/AA ratio in the 
bottoms of the acrylic acid absorption column Is fixed at 7.5 and the AA concentration in the bottoms of the acrylic acid 
absorption column is set at 15.0 and 64.1 weight %, the ratio of LB separation in the light ends cut column becomes 
0.967 and 0.995 respectively. From these results, it is inferred that the use of an acrylic acid solution having a concen- 
5 tration in the range of 18 - 76 weight % facilitates the separation of the low boiling substance and permits acrylic acid 
to be purified to a high concentration. 

[0021] The characteristic feature of this Invention can be summarized as follows by comparison with the conventional 
technique using a high boiling inert hydrophobic organic liquid. It has been ordinary for the concentration of acrylic acid 
to fall below 18 weight % because the mass flow rate of the absorbent in the acrylic acid absorption column has 

10 exceeded 4.5 times the mass flow rate of acrylic acid in the reaction gas. In this invention, however, by decreasing the 
amount of the absorbent, it is made possible to increase the concentration of acrylic acid and decrease the amount of 
the low boiling substance to be absorbed while keeping the absorbing coefficient of acrylic acid intact. Moveover. when 
the low boiling substance is removed by distillation from the solution which has a high acrylic acid concentration and 
a low boiling substance content, the efficiency of separation in the light ends cut column is increased. The present 

15 invention, therefore, permits the product of acrylic acid to be manufactured easily in high purity. Further, by using the 
acrylic acid-containing organic liquid of high concentration, It is enabled to secure the economy of energy. Since the 
absolute amount of substances other than acrylic acid is decreased, the attept to repress the amount of utilities spent 
for transfer and miniaturize the device used for the transfer can be fulfilled. This relation between the acrylic acid and 
the low boiling substance in the acrylic acid absorption column and the light ends cut column has never been known 

20 to the art and has been discovered for the first time by the present inventor. The temri "low boiling substance" as used 
in this invention refers to a substance which has a lower boiling point than acrylic acid in the standard condition. As 
concrete examples of the low boiling substance, fomiic acid, acetic acid, acrolein, formaldehyde, acetaldehyde. and 
water may be cited. The temn "high boiling substance" as used herein refers to a substance which has a higher boiling 
point than acrylic acid in the standard condition. As concrete examples of the high boiling substance, furfural, maleic 

25 anhydride, acrylic acid oligomer, and a high boiling solvent may be cited. Then, the term "non-condensing gas" as used 
herein refers to a substance which is in a gaseous state under the standard condition. As concrete examples of the 
non-condensing gas, nitrogen, oxygen, air, propylene, propane, carbon monoxide, and carbon dioxide may be cited. 
[0022] This invention has originated in the discovery that the amount of a tow boiling substance in the product of 
acrylic acid can be decreased by using the organic liquid containing acrylic acid at a concentration in the range of 18 

30 - 75 weight %. Generally, the high boiling inert hydrophobic organic liquid which contains the reaction gas resulting 
from the reaction of catalytic gas phase oxidation in such an amount that the acrylic acid concentration falls in the 
range of 1 8 - 75 weight %, preferably in the range of 25 - 70 weight %, and particularly in the range of 30 - 70 weight 
%, can be used. If the acrylic acid concentration falls short of 18 weight %, the shortage will be at a disadvantage in 
heightening the content of the low boiling substance in the bottoms of the light ends cut column obtained by the use 

35 of the relevant organic liquid, necessitating excessively the energy necessary for the removal of the high boiling inert 
hydrophobic organic liquid, and entailing an increase in the utilities for transfer and addition to the sizes of devices and 
pipes used for the transfer. Conversely, if the acrylic acid concentration exceeds 75 weight %, the excess will be at a 
disadvantage in heightening the content of the low boiling substance in the bottoms of the light ends cut column pro- 
duced by using the relevant organic liquid and, on account of the high concentration of the acrylic acid contained in 

40 the organic liquid, suffering the step of purification to induce formation of a dimer and a polymer with increased read- 
iness. 

[0023] From the viewpoint of exalting the efficiency of separation of the low boiling substance, It is advantageous to 
purify the organic liquid at least till the acrylic acid content reaches a level in the range of 18 - 75 weight % and the 
ratio, in weight %. of the low boiling substance relative to the acrylic acid reaches a level in the range of 5.0 - 10.0 

45 weight %, preferably in the range of 6.0 - 9.0 weight %. and particularly in the range of 6.5 - 8.0 weight %. The reason 
for setting these specific ranges is that the ratio of separation of the low boiling substance Is variable with the mass of 
the low boiling substance relative to the acrylic acid and that, when the feed liquid satisfying such specific ranges is 
distilled, the acrylic acid and the low boiling substance can be separated with exceptionally high efficiency. 
[0024] The method for preparing the acrylic acid-containing organic liquid of such a quality as described above has 

so no limitation. It is nevertheless advantageous to use what is obtained by advancing the reaction gas resulting from the 
reaction of catalytic gas phase oxidation in the acrylic acid absorption column into counter-flow contact with the high 
boiling inert hydrophobic organic liquid at a rate in the range of 0.2 - 4.5 times the mass flow rate of the organic liquid 
and effecting absorption of the reaction gas in the organic liquid. The reason for specifying the range is that the amount 
of the low boiling substance to be absorbed varies with the amount of the absorbent as described above. If the ratio 

55 of the mass flow rate mentioned above falls short of 0.2 times the mass flow rate, the shortage will be at a disadvantage 
in increasing the amount of the low boiling substance to be entrained in the bottom of the acrylic acid absorption column 
and, at the same time, rendering the setting of the acrylic acid concentration at a level in the range mentioned above 
difficult to achieve. Conversely, if the ratio exceeds 4.5 times the mass flow rate, the excess will be at a disadvantage 
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in rendering it difficult to secure the range of acrylic acid concentration excelling in purifying by separation of the low 
boilingsubstanceandrequiringenergy necessary for the separation of the high boiling inert hydrophobic organic liquid 
as well. Further, the use of the organic liquid in a large amount forms a cause for increasing the utilities for transfer 
and enlarging the device and the pipe for the transfer. 
•5 [0025] Now, this invention will be described below with the aid of a process diagram (Fig. 2) illustrating one example 
of the process for purification of acrylic acid. 

[0026] With reference to Fig. 2, 1 0 stands for a reactor for catalytic gas phase oxidation, 1 1 and 22 each for a heat 
exchanger, 20 for an acrylic acid absorption column, 30 for a light ends cut column, 31 and 41 each for a condenser, 
32 for a reboiler, 40 for a heavy ends cut column, and 42 for a reboiler. The raw material gas Is supplied to the reactor 
10 (10) for catalytic gas phase oxidation, and acrylic acid in the reacted gas is absorbed in the acrylic acid absorption 
column (20) by using a high boiling inert hydrophobic organic liquid, and then purified by passage through the light 
ends cut column (30) and the heavy ends cut column (40), with the result that the product of acrylic acid will be obtained 
through the top of the heavy ends cut column (40). 

[0027] When the acrylic acid is absorbed by using the high boiling inert hydrophobic organic liquid, since the high 
15 boiling inert hydrophobic organic liquid is expelled very rarely by the distillation in the separation columns (30, 40), "the 
absolute amount of the high boiling inert hydrophobic organic liquid" in the acrylic acid-containing organic liquid of the 
bottoms of the acrylic acid absorption column (20) is characterized by being sparingly varied during the supply thereof 
to the light ends cut column (30) and the heavy ends cut column (40). The low boiling substance and the high boiling 
substance contained as impurities are removed during the step of purification and acrylic acid is distilled out more or 
20 less in this while. When the acrylic acid concentration in the bottoms of the acryl acid absorption column (20) reaches 
50 weight %, therefore, the acrylic acid concentration will not exceed 50 weight % during the supply of the bottoms to 
the light ends cut column (30) and the heavy ends cut column (40). 

[0028] Even when the bottoms of an absorption column having an acrylic acid concentration of 15 weight % are 
obtained and purified by the conventional method, the acrylic acid concentration In the acrylic acid-containing solution 

25 supplied to the purification column at the final stage of the process of purification will not exceed 15 weight %. The 
characteristic feature of this invention which resides in supplying the high boiling inert hydrophobic organic liquid having 
an acrylic acid concentration in the range of 18 - 75 weight % to the purification column will not occur 
[0029] First, the raw material gas is supplied to the reactor (10) for catalytic gas phase oxidation and subjected 
therein to the reaction of catalytic gas phase oxidation to fonn an acrylic acid-containing gas. This reaction of catalytic 

30 gas phase oxidation does not need to be particularly discriminated but is only required to be capable of forming acrylic 
acid with a catalyst for gas phase oxidation. To be specific, propylene, propane, or acrolein and a molecular oxygen- 
containing gas and an inert gas are supplied in their respectively prescribed amounts to a reactor such as a shell-and- 
tube reactor in the presence of an oxidizing catalyst to effect the reaction of catalytic gas phase oxidation. For example, 
acrolein is formed when propylene is used and then acrylic acid is obtained by further subjecting the acrolein to the 

35 reaction of catalytic gas phase oxidation. The process of reaction contemplated by this invention makes no discrimi- 
nation between the one-step mode for perfomning the reaction In one reactor and the two-step mode for perfomning 
the reaction in two different reactors. As regards the reaction conditions such as the raw material, oxidizing catalyst, 
inert gas, oxygen gas, and reaction temperature to be used herein, the conditions for the known process for the reaction 
of acrylic acid are invariably applicable hereto. 

40 [0030] For example, any one member or a mixture of two or more members selected from among propylene, propane, 
and acrolein may be used as the raw material gas. These raw material components account for a proportion in the 
range of 1 - 15 vol. % of the raw material gas to be supplied to the reactor. Further, the raw material gas contains the 
molecular oxygen for effecting the reaction of oxidization at a ratio in the range of 1 - 3 relative to the raw material and 
the inert gas such as cartson dioxide or steam at a ratio accounting for the balance. 

45 [0031] Though the reactor for perfomning the reaction of catalytic gas phase oxidation does not need to be particularly 
restricted, the shell-and-tube type reactor can be used advantageously in respect that it excels in the efficiency of 
reaction. 

[0032] This invention, in producing acrylic acid by the two-stage reaction of catalytic gas phase oxidation of a pro- 
pylene-containing gas, for example, can use as the fonner-stage catalyst the oxidizing catalyst which is ordinarily used 
50 in the production of acrolein by the reaction of catalytic gas phase oxidation of a raw material gas containing propylene. 
The latter-stage catalyst does not need to particularly discriminated. For example, the oxidizing catalyst which is ordi- 
narily used in producing acrylic acid by the gas phase oxidation of a reaction gas mainly containing acrolein as obtained 
in the fonner stage of the two-stage method for catalytic gas phase oxidation can be used. 

[0033] Generally, the acrylic acid-containing gas which is obtained by the reaction of catalytic gas phase oxidation 
55 has a temperature in the range of 200 - 350*C. Preferably it is cooled to a temperature in the range of 100 - 300*C, 
especially in the range of 1 30 - 270'C. before it is supplied to the acrylic acid absorption column. As the heat exchanger 
(11 ) used for this cooling, any of the heat exchangers known to the art can be used. This cooling Is required to ensure 
the temperature of the reaction gas mixture being not lowered below the dew point thereof. Of course this cooling is 
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not required when the temperature of the reaction gas is already In the proper range. 

[0034] The composition of the reaction gas which is obtained by the reaction of catalytic gas phase oxidation generally 
comprises 2 - 9 vol. % of acrylic acid, 0.1 - 1 vol. % of acetic acid and aldehyde as the low boiling substances excluding 
steam, 0.01 - 1 vol. % of furfural and maleic anhydride as high boiling substances, and the balance of non-condensing 
5 gas and steam. 

[00351 This invention can use the reaction gas composition of any of the known reactions for catalytic gas phase 
oxidation. The acrylic acid concentration in the reaction gas is preferably in the range of 3 - 9 vol. %, more preferably 
in the range of 4 - 9 vol. %. and particularly in the range of 5 - 9 vol. %. The reason for this range is that if the acrylic 
acid concentration is short of 3 vol. %, the shortage will lower the yield of the product. The reaction gas having an 

10 acrylic acid concentration exceeding 9 vol. % will be obtained only with difficulty and this excess of the acrylic acid 
concentration will abruptly increase the amount of by-products other than acrylic acid and will consequently render the 
subsequent purification difficult to attain. The production of the reaction gas having an acrylic acid concentration in the 
specified range can be easily accomplished by properly selecting the amount of the raw material gas supplied per unit 
time to the reactor for catalytic gas phase oxidation and the kind of the catalyst to be used for the reaction of catalytic 

15 gas phase oxidation. 

[0036] This invention supplies the acrylic acid-containing gas to the acrylic acid absorption column (20) and absorbs 
it by using the high boiling inert hydrophobic organic liquid therein. 

[0037] As the high boiling inert hydrophobic organic liquid which can be used In the acrylic acid absorption column, 
any of the known absorbents can be adopted. As concrete examples of the high boiling inert hydrophobic organic 
20 liquid, a mixture consisting of 70 - 75 weight % of diphenyl ether and 25 - 30 weight % of diphenyl and a mixture 
obtained by adding 0.1-25 weight % of o-diphenyl phthalate to a mixture consisting of 70 - 75 weight % of diphenyl 
ether and 25 - 30 weight % of diphenyl may be cited. 

[0038] The temperature of the top of the column for the absorption column is preferred to be low for the purpose of 
exalting the absorbing coefficient of acrylic acid. The high boiling inert hydrophobic organic liquid absorbs acrylic acid 

25 at a lower ratio than the absorbent which has water as a main component. Thus, the temperature of the top of the 
acrylic acid absorption column is lowered by the use of a cooling device annexed to the absorption column to a level 
preferably in the range of 20 - 70*»C. more preferably in the range of 20 - 60*C, and particularly in the range of 30 - 
60»C. If this temperature falls short of 20'*C, the shortage will be at a disadvantage in causing the absorbent to suffer 
growth in viscosity and inducing degradation of the stage efficiency of the acrylic acid absorption column owing to the 

30 loss of pressure in the acrylic acid absorption column and the deterioration of the distribution of the liquid and, moreover, 
necessitating an undue cooling energy. Conversely, if this temperature exceeds 70»C. the excess will be at a disad- 
vantage in lowering the absoriaing coefficient of acrylic acid. 

[0039] The absoriDent, for the purpose of preventing such polymerizing substance as acrylic acid from undergoing 
polymerization, is preferred to contain at least one compound selected from the group consisting of N-oxyl compounds. 

35 phenol compounds, manganese salts such as manganese acetate, copper salts of dialkyldithiocarbamic acid such as 
copper dibutylthlocarbamate, nitroso compounds and amine compounds, or one or more the compounds plus pheno- 
thiazine. The method of absorption according to this Invention brings a higher acrylic acid concentration in the bottoms 
of the acrylic acid absorption column than when the absorption of acrylic acid is effected by using the conventional 
high boiling inert hydrophobic organic liquid. Since this method is liable to generate a polymer, it requires addition of 

40 a polymerization inhibitor for the sake of preventing such polymerization. 

[0040] The N-oxyl compounds to be effectively used herein do not need to be particularly restricted. As concrete 
examples of the N-oxy compounds which are preferably used because of their ability to afford a satisfactory effect in 
preventing polymerization. 2.2.6,6-tetramethyl piperidinoxyl, 4-hydroxy-2.2.6.6-tetramethyl piperidinoxyl, and 4,4'.4"- 
tris-(2.2.6,6-tetramethyl piperidinoxyl) phosphite may be cited. These N-oxyl compounds may be used either singly or 

45 in the form of a mixture of two or more members. 

[0041] The phenol compounds whteh are effectively used herein include hydroquinone. p-methoxyphenol (metho- 
quinone), cresol, and t-butyl catechol. Optionally, these phenol compounds may be used in the fomi of a combination 
of two or more members. 

[0042] As concrete examples of the manganese salts which are effectively used herein, manganese fomriate. man- 
50 ganese acetate, manganese octanoate, manganese naphthenate. manganese permanganate, and manganese salts 
of ethylenediamine tetraacetic acid may be cited. Optionally, these manganese salts may be used in the fomri of a 
combination of two or more members. 

[0043] The alkyi group in the copper salts of dialkyi dithiocarbamic acid is one member selected from the group 
consisting of methyl, ethyl, propyl, and butyl. The two alkyls of -dialkyi" may be identical or not identical. As a concrete 
55 example of the copper salt of dialkyi dithiocarbamic acid, copper diphenyl dithiocarbamate may be cited. The copper 
salts of dialkyi dithiocariaamic acid may be used in the fomn of a combination of two members. As concrete examples 
of the nitroso compounds, p-nitrosophenol. N-nitrosodiphenyl amine, and ammonium salts of N-nitrosophenyl hy- 
droxyamine may be cited. Optionally, these nitroso compounds may be used in the fomn of a combination of two or 
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- more members. As concrete examples of the amine compounds, dipheny! amine, p-phenylene diamine, and p-ami- 
nophenol may be cited. Optionally, these amine compounds may be used in the fomri of a combination of two or more 
members. 

[0044] This invention prefers the absorbentof interest to contain one or more compounds selected from the group 
s consisting of N-oxyl compounds, phenol compounds, manganese salts, copper salts of dialkyi dithlocarbamic acid, 
nitroso compounds and amine compounds, or one or more such compounds plus phenothlazine. Of course, the com- 
bined system using three or more components, i.e. two or more compounds from the six l^inds mentioned above plus 
a phenothiazine compound, obtains an effect of preventing polymerization to a level equal to or even better than the 
two component system. 

10 [0045] The amount of the polymerization inhibitor to be used does not need to be particularly limited but Is only 
required to be property adjusted, depending on the relevant operating conditions. It is, however, preferable to set the 
total amount of the polymerization inhibitor to be used at a ratio in the range of 3 - 650 weight ppm based on the weight 
of the acrylic acid in the reaction gas to be absorbed. Concerning the preferred amounts of the individual polymerization 
inhibitors to be used, the preferred amount of a N-oxyi compound is In the range of 1 - 100 weight ppm based on the 

15 weight of the acrylic acid in the reaction gas, that of a manganese salt or a copper salt is in the range of 1 - 50 weight 
ppm based on the weight of the acrylic acid in the reaction gas, and that of a copper salt of dialkyi dithlocarbamic acid, 
an amine compound, or a nitroso compound is in the range of 1 - 500 weight ppm. 

[0046] The site for supply of the polymerization inhibitor does not need to be particularly restricted. Preferably, how- 
ever, the supply is made through the top of the absorption column. When the polymerization inhibitor is supplied after 
20 it has been mixed in advance with the solvent, this supply is effective in uniformly distributing the polymerization inhibitor 
in the absorption column. It is preferable to use an absorbent or acrylic acid as the solvent and it Is economical to 
reclaim the absorbent separated in the purification column. 

[0047] The addition of the polymerization inhibitor can be effected during the process for purification of acrylic acid 
and during the storage of a monomer. It is commended to make the addition in the amount specified above relative to 

25 the amount of the vapor of acrylic acid to be evaporated in the case of the addition during the purification or to the 
weight of the liquid of acrylic acid and an ester thereof in the case of the addition during the storage of a monomer. 
The term "amount of the vapor to be evaporated" means the total amount of the vapor of the monomer generated. The 
total amount of the vapor of the monomer can be easily found by calculation and the numeral thereof constitutes itself 
the important factor in deciding the standard for injection of the polymerization inhibitor. 

30 [0048] In the method of purification according to this invention, the bottoms of the column for absorption of acrylic 
acid can be used In their unmodified form for purification in the subsequent step for purification. For the purpose of 
adjusting the operating conditions of the acrylic acid absorption column so as to set the acrylic acid concentration in 
the range of 1 8 - 75 weight %, it suffices to adjust the pressure, temperature, and amount of the absorbent. Partlculariy, 
in this invention, the absort^ent is brought into counter-flow contact with the reaction gas in an amount preferably in 

35 the range of 0.2 - 4.5 times, more preferably In the range of 0,2 - 4.0 times, and partlculariy in the range of 0.6 - 4.0 
times, the mass flow rate of the acrylic acid in the reaction gas. The reason for specifying this range is that the absortaent 
used in that amount can lower the concentration of the low boiling substance relative to the concentration of acrylic 
acid and, at the same time, obtain an organic liquid containing acrylic acid at a high concentration, incidentally, the 
difference in the amount of the absorbent causes variation in the amount of the low boiling substance to be absoriDed 

40 for some unclear reason. It may be logically explained, however, by a supposition that the low boiling substance is 
discharged as the waste gas through the top of the acrylic acid absorption column because it is more gasiflable than 
acrylic acid in the column and the content of the low boiling substance In the bottoms of the acrylic acid absorption 
column is lowered in a specific range, with the possibility of the absort)ent used in the amount mentioned above being 
physically entrained in the absorbent for the low boiling substance as a contributory factor. 

45 [0049] In addition to the adjustment of the amount of the absortaent to be brought into contact with the reaction gas 
and the adjustment of the temperature of the absortjent, the conditions for the absorption are so set that the composition 
of the bottoms has an acrylic acid content in the range of 18 - 75 weight % and the acrylic acid, a substance liable to 
form a polymer, is prevented from undergoing polymerization. The Items thus set for the accomplishment of this inven- 
tion include the pressure in the top of the absorption column, the theoretical number of plates of the acrylic acid ab- 

50 sorption column, the kind of packings, and the temperature of the top of the column. 

[0050] For example, as the acrylic acid absorption column, such known columns as a plate column, a packed column, 
a wetted-wail column, and a spray column may be used. Ordinarily, the platecolumn or the packed column is preferably 
used. 

[0051] The packed column thus used is preferred to have disposed on the upstream side along the flow of the ab- 

55 sorbent inside the column a packing having a relatively high efficiency of absorption for acrylic acid and on the down- 
stream side a packing having a relatively low ability to polymerize acrylic acid and/or plates. The term "relatively high 
(low)" means that a specific packing among other plurality of packings possesses the quality in question at a high level. 
The expression "a packing having a relatively low ability to polymerize" means that when the acrylic acid absorption 
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column is filled with a plurality of packings, the specific packing has a low ability to form a polymer as compared with 
the rest of the packings. Usually, the upper part of the acrylic acid absorption column corresponds to the upstream 
side because it establishes counter-flow contact between the solvent and the acrylic acid-containing gas and the lower 
part of the acryHc acid absorption column, namely, the direction of entrance for the acrylic acid-containing gas corre- 
5 spends to the downstream side. In the method of purification according to this invention, the acrylic acid Is absorbed 
at a higher concentration than when the absorption is made by using the conventional high boiling Inert hydrophobic 
organic liquid. The layout of the packings in the column mentioned above is necessary because the acrylic acid is liable 
to generate a polymer in the column. 

[0052] The acrylic acid absorption column has packings and plates as articles for inner packaging. In the ordinary 
10 column, the gauze type regular packing has the highest efficiency of absorption and is followed sequentially by a sheet 
type regular packing, an in-egular packing, a grid type regular packing, and plates. Even the plates are on a par in the 
efficiency of absorption with a sheet type regular packing and an irregular packing when they are endowed with high 
performance. Conceming the ease with which acrylic acid is caused to polymerize, the gauze type regular packing 
ranks at the top and is followed sequentially by the sheet type regular packing, irregular packing, grid type regular 
15 packing, and plates. When the gauze type regular packing is used in an effort to heighten the effteiency of absorption, 
for example, it entails the problem of polymerization and infeasibilizing lasting operation because it is liable to polym- 
erize a substance under treatment. Conversely, when the grid type regular packing, for example, is used in an effort 
to prevent polymerization, since it has a low efficiency of absorption, it entails the necessity for unduly increasing the 
height of the column for the purpose of obtaining a prescribed degree of efficiency. Thus, by using the gauze type 
20 regular packing on the upstream side in the flow of the solvent-containing liquid inside the column and at least one 
member selected from the group consisting of sheet type regular packing, irregular packing, grid type regular packing 
and plates, particulariy the sheet type regular packing, and/or the irregular packing on the downstream side, the pre- 
vention of polymerization and the exaltation of the efficiency of absorption are both fulfilled to ensure a lasting stable 
operation. 

25 [0053] The commercial products of the gauze type regular packing include sluzer Packing (made by Sumitomo Heavy 
Industries Co., Ltd.), Technopack (made by Mitsui & Co.. Ltd.). and MC Pack (made by Mitsubishi Chemical Engineenng 
Co ) those of the sheet type regular packing Include MELI-APAK (made by Sumitomo Heavy Industries Co.. Ltd.). 
Technopack (made by Mitsui & Co.. Ltd.). MC Pack (made by Mitsubishi Chemical Engineering Co.), those of the gnd 
type regular packing include Flexy Gride (made by KOCH ENGINEERING COMPANY INC), those of the irregular 

30 packing include Raschig Ring. Pauling. Cascade Mini Ring (made by Dodwell & Co.. Ltd.) and IMTP (made by Norton 
Chemical Process Products Corp), and those of the plates include sieve tray, bulb tray, bubble cap tray, baffle tray, 
dual flow tray, super flack tray, ripple tray, and jet tray, for example. 

[0054] Among other in-egular packings, the Casecade Mini Ring and IMTP which are flat fillings proves particulariy 
advantageous because they are capable of filling a space as closely as a regular packing, because they excel in the 

35 ability to prevent polymerization, and they have a high efficiency of absorption. 

[0055] Further, the top of the acrylic acid absorption column is ordinarily operated at a slightly higher pressure. The 
column top pressure (gauge pressure) is preferably in the range of 5 kPa - 30 kPa. more preferably in the range of 1 0 
- 20 kPa. The reason for the use of this pressure is that the amount of the low boiling substance in the bottoms of the 
acrylic acid absorption column can be decreased by discharging the low boiling substance through the top of thecolumn. 

40 [0056] The acrylic acid-containing gas obtained in consequence of the catalytic gas phase oxidation is Introduced 
into the acrylic acid absorption column through the lower part thereof. Part of the acrylic acid solution drawn through 
the bottom part of the column is fonwarded to the subsequent step of purification and the remainder of the solution is 
cooled in an external cooling device (22). The cooled solution is introduced into the acrylic acid absorption column and 
brought into counter-flow contact with the gas preferably to condense and cool the gas. Optionally, the liquid other than 

45 the bottoms of the column, when necessary, is drawn and cooled and the cooled liquid is introduced into the acrylic 
acid absorption column. Othenwise. the absorbent may be cooled and then introduced into the acrylic acid absorption 

column. ^ . ^ * u + 

[0057] The external cooling device (22) does not need to be particularly restricted but is only required to be a heat 
exchanger which is capable of indirectly cooling a liquid. As concrete examples of the external cooling device, such 
50 known heat exchangers as a shell-and-tube type heat exchanger, a double-pipe heat exchanger, a spiral type heat 
exchanger, and a plate type heat exchanger may be cited. This cooling is effected till the temperature at a certain point 
inside the acrylic acid absorption column reaches a prescribed level. 
Generally, the cooling is controlled by the temperature of the top of the column. 

[0058] Further, when the cooled liquid obtained in the cooling device is circulated to the acrylic acid absorption 
55 column, the position of this acrylic acid absorption column is generally 1-10 theoretical plates, preferably 1 - 5 theo- 
retical plates, and further preferably 2 - 4 theoretical plates, above the position for the drawing of liquid. 
[0059] In the case of the packed column, the distribution of the liquid flowing down the interior of the column fomns 
the most important factor with respect to the efficiency of absorption. When the packed filler has a large height, it is 
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commendable for the purpose of preventing the liquid from producing a drift current to have a liquid distributing devices 
disposed not only at the inlet for the liquid but also on the packed layer at least one point halfway along the length of 
the column. Generally, the pipe orifice mode or the gas riser liquid hole drip mode is adopted for the liquid distributing 
device. Since either of these modes is so adapted as to apply a certain degree of pressure in the liquid hole and cause 

s the liquid to flow uniformly through a multiplicity of orifices, the orifices have such a small diameter as to entail the 
possibility of clogging the orifices frequently with a polymer, for example, lowering the efficiency of absorption, and 
forcing the operation to be suspended. By using the liquid distributing device of the overflow mode, therefore, it Is made 
possible to l<eep the efficiency of absorption intact and ensure the operation to continue for a long time. The liquid 
distributing device of the overflow mode, for example, is adapted to have numerous notches cut in the upper end of 

10 the liquid distribution tube and allow the liquid to be distributed as it overflows the notches. It is effectively used without 
reference to the shape. 

[0060] This invention separates the low boiling substance by distilling the high boiling inert hydrophobic organic liquid 
containing the reaction gas component to be obtained by the reaction of catalytic gas phase oxidation, namely the 
organic liquid containing acrylic acid at least at a concentration in the range of 1 8 - 75 weight %. As the light ends cut 
15 column (30), any of the known columns such as, for example, a plate column, a packed column, a wetted-wall column, 
and a spray column may be used. Similarly to the acrylic acid absorption column mentioned above, this light ends cut 
column (30) Is generally preferred to be a plate column or a packed column. 

[0061 J To the light ends cut column (30), the organic liquid containing acrylic acid at a concentration in the range of 
18-75 weight % (hereinafter referred to as "acrylic acid-containing organic liquid") Is supplied so as to effect removal 
20 of the low boiling substance entrained in the liquid. The low boiling substances possibly entrained by the liquid include 
formic acid, acetic acid, acrolein, formaldehyde, acetaldehyde, and water, for example. The temperature at which the 
acrylic acid-containing organic liquid is supplied to the separation column (30) is preferably in the range of 50 - SO^'C, 
and more preferably in the range of 60 - 80**C. 

[0062] For the separation in the light ends cut column (30), the conditions adopted by the known methods of sepa- 
25 ration may be employed. For, this invention has originated In the discovery that the efficiency of separation of the low 
boiling substances can be exalted by using the organic liquid containing acrylic acid at a concentration which has never 
been used In the art. Incidentally, the preferred theoretical plate number of the separation column (30) Is In the range 
of 10-20. 

[0063] When the flow rate of the distillate emanating from the top of the separation column (30) is set at a level in 

30 the range of 1 .0 - 2.0 times, preferably in the range of 1 .2 - 1 .8 times, and particularty In the range of 1 .2 - 1 .6 times, 
the flow rate of the low boiling substance in the liquid being supplied, for example, the reflux ratio from the condenser 
(31) attached to the separation column (30) is in the range of 1.0 - 20.0. preferably in the range of 3.0 - 10.0, and 
particularly in the range of 3.0 - 6.0. If the flow rate of the distillate falls short of 1 .0 times the flow rate of the low boiling 
substance, the shortage will be at a disadvantage in inducing effusion of the surplus low boiling substance through the 

35 bottom of the column and heightening the concentration of the low boiling substance in the product without reference 
to the efficiency of separation of the separation column. Conversely, if the flow rate exceeds 2.0 times the flow rate of 
the low boiling substance, the excess will be at a disadvantage In not only requiring an unduly large energy but also 
heightening the possibility of entailing polymerization in the neighborhood of the top of the column. 
The pressure of the column at the top (absolute pressure) is set at a level in the range of 3 - 30 kPa, preferably in the 

40 range of 3 - 15 kPa, and particulariy in the range of 5 - 13 kPa. If this pressure falls short of 3 kPa, the shortage will 
be at a disadvantage in not merely entailing an undue addition to the size of the vacuum device but also lowering the 
temperature of the top of the column and consequently requiring the condenser to have an increased size. Conversely, 
if this pressure exceeds 30 kPa, the excess will be at a disadvantage in entailing generation of a polymer in addition 
to heightening the temperature of the bottom of the column and adding to the size of the reboiler. Since the distillate 

45 from the light ends cut column still contains acrylic acid at a fairly high concentration, It is advantageous to circulate 
the distillate to the acrylic acid absorption column (20) and increase the ratio of recovery of acrylic add. The distillate 
may be circulated to the acrylic acid absorption column after the low boiling substance contained therein has been 
separated and removed or It may be circulated to the acrylic acid absorption column (20) without undergoing this 
treatment. Particulariy when the distillate from the condenser is circulated to the acrylic acid absorption column (20), 

50 the position of the acrylic acid absorption column (20) Is preferred to Intervene between the inlet for resupplying the 
acrylic acid-containing solution cooled in the cooling device (22) into the acrylic acid absorption column (20) and the 
inlet for injecting the absorbent. 

[0064] It is commendable to have part of the acrylic acid solution drawn from the bottom of the column supplied to 
the light ends cut column (30) and the remainder thereof heated in the reboiler (32) and circulated again to the light 
55 ends cut column (30). The reboiler (32) is preferred to be supplied with molecular oxygen. This supply of the molecular 
oxygen may be effected by means of air bubbling or by being directly admixed with acrylic acid. When the molecular 
oxygen is delivered in the gaseous state from the bottom of the distillation column and/or the reboiler, the device for 
air bubbling can be easily incorporated Into the process of production. Preferably, the molecular oxygen is introduced 
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into the vapor of acrylic acid in an amount approximately in the range of 0.1 - 1 .0 vol. % based on the volume of the vapor 
[0065] It is commendable for the purpose of preventing acrylic acid from undergoing the detrimental phenomenon 
of polymerization in the light ends cut column (30) to add any of the known polymerization inhibitors such as. for 
example, methoquinone, manganese acetate, nitrosophenol, cupferron, N-oxyl compound, copper dibutylthiocar- 
5 bamate. phenothlazine, or hydroquinone suitably to thecolumn. Such a polymerization inhibitorcan be supplied through 
the top of the column . For the same purpose, a molecular oxygen-containing gas may be blown into the column through 
the bottom thereof. 

[0066] It is commendable for the bottoms in the light ends cut column (30) to be supplied to the heavy ends cut 
column (40) and separated of the high boiling substance to effect purification of the acrylic acid entrained therein. 
10 [0067] As the heavy ends cut column (40). any of the known columns such as, for example, a plate column, a packed 
column, a wetted-wall column, or a spray column may be used. Similarly to the light ends cut column (30) mentioned 
above, this heavy ends cut column (40) is generally preferred to be a plate column or a packed column. The theoretical 
plate number of this column is prefen-ed to be in the range of 5 - 20. 

[0068] The distillation in the heavy ends cut column (40) can be perfonmed under any of the known conditions of 
15 distillation. The pressure in the top of the column (absolute pressure), for example, is in the range of 3 - 30 kPa, 
preferably in the range of 3 - 15 kPa, and particularly in the range of 5 - 13 kPa. The amount of the distillate can be 
suitably fixed in accordance with the tolerance of the high boiling impurity in the product. The ratio of reflux is generally 
in the range of 0.5-5. 

[0069] Similarly to the light ends cut column (30) mentioned above, the heavy ends cut column (40) prefers suitable 
20 addition thereto of any of the known polymerization inhibitors such as, for example, methoqulnone, manganese acetate, 
nitrosophenol, cupferron. N-oxyl compound, copper dibuylthiocarbamate, phenothiazine. or hydroquinone for the pur- 
pose of preventing acrylic acid from undergoing the detrimental phenomenon of polymerization. Such a polymerization 
Inhibitor can be supplied through the top of the column. For the same purpose, a molecular oxygen-containing gas 
may be blown into the column through the bottom thereof. 
25 [0070] Incidentally the heavy ends cut column (40) pennits part of the bottoms therein to be discarded as an organic 
substance-containing waste oil. It is, however, permissible to re-purify the high boiling solvent and reclaim an absorbent 
for use in the acrylic acid absorption column (20). It is commendable for the remainder thereof to be heated in the 
reboiler (42) and circulated again to the heavy ends cut column (40). Incidentally, the reboller (42) Is supplied with a 
molecular oxygen. The supply of this molecular oxygen may be effected by means of air bubbling or by being directly 
30 admixed with the feed liquid. When the molecular oxygen Is delivered in the gaseous state from the heavy ends cut 
column (40) or the reboiler (42), the device for air bubbling can be incorporated in the process of production. Preferably, 
the molecular oxygen is introduced into the vapor of acrylte acid In an amount approximately In the range of 0.1 - 1 .0 
vol. % based on the volume of the vapor. 

[0071] The acrylic acid is distilled through the top of the heavy ends cut column (40). Generally, the purity of this 
35 acrylic acid in the distillate Is in the range of 99.5 - 99.9 weight %. 

Experiments: 

[0072] Now. this invention will be described more speclfteally below with reference to working examples. 

40 

(Example 1) 

[0073] In accordance with the process depicted in Fig. 2, acrylic acid was purified through the step for preparation 
of an acrylk) acid-containing gas by the reaction of catalytte gas phase oxidation and the subsequent use of an acrylic 
45 acid absorption column, a light ends cut column, and a heavy ends cut column. 

(1) By the reaction of catalytic gas phase oxidation, an acrylic acid-containing gas composed of 7.15 vol. % of 
acrylic acid. 14.6 vol. % of low boiling substances (total of fomnic acid, acetic acid, acrolein, fonnaldehyde. acetal- 
dehyde, and water). 0.15 vol. % of high boiling substances (total of furfural and maleic anhydride), and 78,1 vol. 

so % of uncondensing gas (total of nitrogen, oxygen, propylene, propane, carison monoxide, and cariDon dioxide) was 

obtained. 

(2) The acrylic acid-containing gas was supplied to the acrylic acid absorption column. The temperature at which 
the acrylic acid-containing gas was supplied was 150«C. The acrylic acid absorption column measured 54.9 mm 
In diameter. The column was charged with three beds of sulzer DX each measuring 1100 mm in length. Here, an 

55 absorbent consisting of 73.5 weight % of dlphenyl ether and 26.5 weight % of diphenyl and containing 4-hydroxy- 

2,2,6.6-tetramethyl piperidinoxyl as a polymerization inhibitor at a ratio of 100 weight ppm relative to the amount 
of acrylic acid in the reaction gas was used to effect absorption of acrylic acid. The acrylic acid-containing gas was 
supplied to the acrylic acid absorption column at a feed rate of 8.14 Nm^/h and the absorbent at a feed rate of 4.3 
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kg/h (2.3 times the mass flow rate of the acrylic acid). When the absorption of acrylic acid was effected by setting 
the pressure in the top of the column at 1 1 .7 kPa (gauge pressure) and the temperature in the top of the column 
at 47.7**C, absorbing coefficient of acrylic acid was 98.1 weight %, the concentration of acrylic acid in the bottoms 
of the column was 29.6 weight %, and the concentration of the low boiling substance relative to the acrylic acid 
s was 7,0 weight %. 

(3) The bottoms of the column were supplied to the light ends cut column. This distillation column was an oldershaw 
using 28 plates and was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 4, and 
a distillate rate of 170 g/h to expel the low boiling substance by distillation. The composition of the bottoms of the 
distillation column was such that the low boiling substance concentration relative to acrylic acid was 600 weight 

10 ppm. 

(4) Then, the bottoms of the column were supplied to the heavy ends cut column. This distillation column was an 
oldershaw using 22 plates and was operated at a column top pressure of 1 0 kPa (absolute pressure), a reflux ratio 
of 1 , and a distillate rate of 1840 g/h to expel the high boiling substance by distillation. The low boiling substance 
concentration in the distillate from the distillation column was 600 weight ppm. 

15 

(Example 2) 
[0074] 

20 (1) An acrylic acid-containing gas having the same composition as in Example 1 was prepared. 

(2) Then, the acrylk; acid-containing gas was supplied to the acrylic acid absorption column. The acrylic acid 
absorption column and the absorbent used herein were the same as those used in Example 1 . The temperature 
at which the acrylic acid-containing gas was supplied was 150*C similarly In Example 1 and the feed rate of the 
gas to the acrylic acid absorption column was 8.14 Nm3/h. When the absorption of acrylic acid was effected by 

25 setting the flow rate of the absorbent at 1 .1 kg/h (0.6 times the mass flow rate of the acrylic acid), the column top 

pressure at 11.7 kPa (gauge pressure), and the column top temperature at 41.2''C, the absorbing coefficient of 
acrylic acid was 98.1 weight %, the concentration of acrylic acid in the bottoms was 59.9 weight %, and the con- 
centration of the low boiling substance relative to acrylic acid was 7.2 weight %. 

(3) The bottoms of the column were supplied to the same light ends cut column as used in Example 1 . The column 
30 was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 4, and a distillate rate of 

1 70 g/h to expal the low boiling substance by distillation. The composition of the bottoms in the distillation column 
was such that the concentration of the low boiling substance relative to acrylic acid was 360 weight ppm. 

(4) Then , the bottoms of the column were supplied to the same heavy ends cut column as used in Example 1 . This 
column was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 1 , and a distillate 

35 rate of 1 840 g/h to expel the high boiling substance by distillation. The concentration of the low boiling substance 

In the distillate from the distillation column was 360 weight ppm. 

(Example 3) 

40 (0075] 

(1) An acrylic acid-containing gas having the same composition as in Example 1 was prepared. 

(2) Then, the acrylic acid-containing gas was supplied to the acrylic acid absorption column. The acrylic acid 
absorption column and the absorbent used herein were the same as those in Example 1 . The temperature at which 

45 the acrylic acld-containing gas was supplied was 1 50*C similarly in Example 1 and the feed rate of this gas to the 

acrylic acid absorption column was 8.14 Nm^/h. When the absorption of acrylic acid was effected by setting the 
flow rate of the absorbent at 7.5 kg/h (4.0 times the mass flow rate of the acrylic acid), the column top pressure at 
11 .7 kPa (gauge pressure), and the column top temperature at 53.8*C, the absorbing coefficient of acrylic acid 
was 98.1 weight %, the concentration of acrylic acid in the bottoms was 1 9.7 weight %, and the concentration of 

50 the low boiling substance relative to acrylic acid was 7.3 weight %. 

(3) The bottoms were supplied to the same light ends cut column as used in Example 1 . This column was operated 
at a column top pressure of 1 0 kPa (absolute pressure), a reflux ratio of 4. and a distillate rate of 1 70 g/h to expel 
the low boiling substance by distillation. The composition of the bottoms in the distillation column was such that 
the concentration of the low boiling substance relative to acrylic acid was 1360 weight ppm. 

55 (4) Then, the bottoms of the column were supplied to the same heavy ends cut column as used in Example 1 . The 

column was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 1 , and a distillate 
rate of 1 840 g/h to expel the high boiling substance by distillation. The concentration of the low boiling substance 
in the distillate from this distillation column was 1370 weight ppm. 
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(Example 4) 
[0076] 

5 (1) An acrylic acid-containing gas having the same composition as in Example 1 was prepared. 

(2) Then, this acrylic acid-containing gas was supplied to the acrylic acid absorption column. The acrylic acid 
absorption column and the absorbent used herein were the same as those in Example 1 . The temperature at which 
the acrylic acid-containing gas was supplied was 150*»C similarly in Example 1 and the feed rate of the gas to the 
acrylic acid absorption column was 8.14 Nm^/h. When the absorption of acrylic acid was effected at an absorbent 

10 flow rate of 0.6 kg/h (0.3 times the mass flow rate of the acrylic acid), a column top pressure at 11 .7 kPa (gauge 

pressure), and a column top temperature of 40.3»C, the absorbing coefficient of acrylic acid was 98.1 weight %. 
the concentration of acrylic acid in the bottoms of the column was 68.9 weight %. and the concentration of the low 
boiling substance relative to acrylic acid was 8.0 weight %. 

(3) The bottoms were supplied to the same light ends cut column as used in Example 1 . This column was operated 
15 at a column top pressure of 1 0 kPa (absolute pressure), a reflux ratio of 4, and a distillate rate of 1 70 g/h to expel 

the low boiling substance by distillation. The composition of the bottoms in the distillation column was such that 
the concentration of the low boiling substance relative to acrylic acid was 580 weight ppm. 

(4) Then, the bottoms of the column were supplied to the same heavy ends cut column as used in Example 1 . The 
column was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 1 . and a distillate 

20 rate of 1 840 g/h to expel the high boiling substance by distillation. The concentration of the low boiling substance 

in the distillate from this distillation column was 580 weight ppm. 

(Example 5) 

25 [0077] 

(1) An acrylic acid-containing gas having the same composition as in Example 1 was prepared. 

(2) Then, this acrylic acid-containing gas was supplied to the acrylic acid absorption column. The acrylic acid 
absorption column and the absorbent used herein were the same as those in Example 1 . The temperature at which 

30 the acrylic acid-containing gas was suppliedwas 150«C similarly in Example 1 and the flow rate of the gas to the 

acrylic acid absorption column was 8.14 Nm^/h. When the absorption of acrylic acid was effected at an absorbent 
flow rate of 0.4 kg/h (0.2 times the mass flow rate of the acrylic acid), a column top pressure at 11 .7 kPa (gauge 
pressure), and a column top temperature of 39.8«C. the absorbing coefficient of acrylic acid was 98.1 weight %. 
the concentration of acrylic acid in the bottoms of the column was 74.4 weight %. and the concentration of the low 

35 boiling substance relative to acrylfe acid was 8.6 weight %. 

(3) The bottoms were supplied to the same light ends cut column as used in Example 1 . This column was operated 
at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 4, and a distillate rate of 170 g/h to expel 
the low boiling substance by distillation. The composition of the bottoms in the distillation column was such that 
the concentration of the low boiling substance relative to acrylic acid was 1340 weight ppm. 

40 (4) Then, the bottoms of the column were supplied to the same heavy ends cut column as used in Example 1 . The 

column was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 1 , and a distillate 
rate of 1840 g/h to expel the high boiling substance by distillation. The concentration of the low boiling substance 
in the distillate from this distillation column was 1340 weight ppm. 

45 (Example 6) 

[0078] 

(1) An acrylic acid-containing gas was prepared by the reaction of catalytic gas phase oxidation. This gas was 
50 composed of 5.35 vol. % of acrylte acid, 12.25 vol. % of low boiling substances (total of formic acid, acetic acid. 

acrolein, fomialdehyde. acetaldehyde, and water). 0.1 vol. % of high boiling substances (total of furfural and maleic 
anhydride), and 82.3 vol. % of uncondensing gas (total of nitrogen, oxygen, propylene, propane, carbon monoxide, 
and carbon dioxide). 

(2) Then, this acrylic acid-containing gas was supplied to the acrylic acid absorption column. The acrylic acid 
55 absorption column and the absorbent used herein were the same as those in Example 1 . The temperature at which 

the acrylic acid^ontaining gas was supplied was 150'C similarly in Example 1 When the absorption of acrylic 
acid was effected by setting the feed rate of the gas to the acrylic acid absorption column at 10.92 Nm3/h, the 
absorbent feed rate at 4.3 kg/h (2.3 times the mass flow rate of the acrylic acid), the column top pressure at 11 .7 
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kPa (gauge pressure), and the column top temperature at 42.2**C, the absorbing coefficient of acrylic acid was 
98.1 weight %, the concentration of acrylic acid in the bottoms of the column was 29.6 weight %, and the concen- 
tration of the low boiling substance relative to acrylic acid was 6.9 weight %. 

(3) The bottoms were supplied to the same light ends cut column as used in Example 1 . This column was operated 
9 at a column top pressure of 1 0 kPa (absolute pressure), a reflux ratio of 4, and a distillate rate of 1 70 g/h to expel 

the low boiling substance by distillation. The composition of the bottoms in the distillation column was such that 
the concentration of the low boiling substance relative to acrylic acid was 520 weight ppm. 

(4) Then, the bottoms of the column were supplied to the same heavy ends cut column as used In Example 1 . The 
column was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 1, and a distillate 

* 10 rate of 1 840 g/h to expel the high boiling substance by distillation. The concentration of the low boiling substance 

in the distillate from this distillation column was 520 weight ppm. 

(Example 7) 

15 [0079] 

(1) An acrylic acid-containing gas was prepared by the reaction of catalytic gas phase oxidation. This gas was 
composed of 8.55 vol. % of acrylic acid, 16.45 vol. % of low boiling substances (total of formic acid, acetic acid, 
acrolein , formaldehyde, acetaldehyde, and water), 0.15 vol.% of high boiling substances (total of furfural and maleic 

20 anhydride), and 74.85 vol. % of uncondensing gas (total of nitrogen, oxygen, propylene, propane, carbon monoxide, 

and carbon dioxide). 

(2) Then, this acrylic acid-containing gas was supplied to the acrylic acid absorption column. The acrylic acid 
absorption column and the absorbent used herein were the same as those in Example 1 . The temperature at which 
the acrylic acid-containing gas was supplied was 150*C similarly in Example 1 . When the absorption of acrylic 

25 acid was effected by setting the feed rate of the gas to the acrylic acid absorption column at 6.82 Nm^/h, the 

absorbent feed rate at 4.3 kg/h (2.3 times the mass flow rate of the acrylic acid), the column top pressure at 11 .7 
kPa (gauge pressure), and the column top temperature at 51 .S'^C, the absorbing coefficient of acrylic acid was 
98.1 weight %, the concentration of acrylic acid in the bottoms of the column was 7.1 weight %, and the concen- 
tration of the low boiling substance relative to acrylic acid was 29.6 weight %. 

30 (3) The bottoms were supplied to the same light ends cut column as used In Example 1 . This column was operated 

at a column top pressure of 1 0 kPa (absolute pressure), a reflux ratio of 4, and a distillate rate of 1 70 g/h to expel 
the low boiling substance by distillation. The composition of the bottoms in the distillation column was such that 
the concentration of the low boiling substance relative to acrylic acid was 670 weight ppm. 
(4) Then, the bottoms of the column were supplied to the same heavy ends cut column as used in Example 1 . The 

35 column was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 1 , and a distillate 

rate of 1 840 g/h to expel the high boiling substance by distillation. The concentration of the low boiling substance 
In the distillate from this distillation column was 670 weight ppm. 

(Comparative Example 1) 

40 

[0080] 

(1) An acrylic acid-containing gas having the same composition as in Example 1 was prepared. 

(2) Then, this acrylic acid-containing gas was supplied to the acrylic acid absorption column. The acrylic acid 
45 absorption column and the absorbent used herein were the same as those in Example 1 . The temperature at which 

the acrylic acid-containing gas was supplied was 150*C similarly in Example 1 and the feed rate of the gas to the 
acrylic acid absorption column was 8.14 Nm^/h. When the absorption of acrylic acid was effected by setting the 
feed rate of the absorbent at 10.5 kg/h (5.6 times the mass flow rate of the acrylic acid), the column top pressure 
at 11 .7 kPa (gauge pressure), and the column top temperature at 59.9*C, the absorbing coefficient of acrylic acid 
50 was 97.9 weight %, the concentration of acrylic acid in the bottoms of the column was 15.0 weight %, and the 

concentration of the low boiling substance relative to acrylic acid was 7.5 weight %. 

(3) The bottoms were supplied to the same light ends cut column as used in Example 1 . This column was operated 
at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 4, and a distillate rate of 170 g/h to expel 
the low boiling substance by distillation. The composition of the bottoms In the distillation column was such that 

55 the concentration of the low boiling substance relative to acrylic acid was 2480 weight ppm. 

(4) Then, the bottoms of the column were supplied to the same heavy ends cut column as used in Example 1 . The 
column was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 1 , and a distillate 
rate of 1 840 g/h to expel the high boiling substance by distillation. The concentration of the low boiling substance 
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in the distillate from this distillation column was 2490 weight ppm. 
(Comparative Example 2) 
5 [0081] 

(1) An acrylic acid-containing gas having the same composition as in Example 1 was prepared. 

(2) Then, this acrylic acid-containing gas was supplied to the acrylic acid absorption column. The acrylic acid 
absorption column and the absorbent used herein were the same as those in Example 1 . The temperature at which 

10 the acrylic acid-containing gas was suppliedwas 150*C similarly in Example 1 and the feed volume of the gas to 

the acrylic acid absorption column was 8.14 Nm^/h. When the absorption of acrylic acid was effected by setting 
the feed rate of the absorbent at 0.2 kg/h (0.1 times the mass flow rate of the acrylic acid), the column top pressure 
at 11 .7 kPa (gauge pressure), and the column top temperature at 39.2**C, the absorbing coefficient of acrylic acid 
was 97.6 weight %, the concentration of acrylic add in the bottoms of the column was 87.1 weight %, and the 

*5 concentration of the low boiling substance relative to acrylic acid was 9.3 weight %. 

(3) The bottoms were supplied to the same light ends cut column as used in Example 1 . This column was operated 
at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 4, and a distillate rate of 170 g/h to expel 
the low boiling substance by distillation. The composition of the bottoms in the distillation column was such that 
the concentration of the low boiling substance relative to acrylic acid was 5400 weight ppm. 

20 (4) Then, the bottoms of the column were supplied to the same heavy ends cut column as used in Example 1 The 

column was operated at a column top pressure of 10 kPa (absolute pressure), a reflux ratio of 1 , and a distillate 
rate of 1840 g/h to expel the high boiling substance by distillation. The concentration of the low boiling substance 
in the distillate from this distillation column was 5380 weight ppm. 

25 [0082] In this specification, the units "Nm^" or "N litres'* means cubic metres or litres at 0^*0 and one atmosphere 
(9.8KPa), respectively. Also, the phrase "high boiling inert hydrophobic organic liquid" refers to an hydrophobic organic 
solvent that does not react with acrylic acid under the conditions used in this application and that has a boiling point 
at least greater than that of acrylic acid (141**C). preferably substantially so. 

30 

Claims 

1 . A method for absorbing acrylic acid, characterized by supplying an acrylic acid-containing reaction gas component 
obtained by the reaction of catalytic gas phase oxidation to an acrylic acid absorption column and advancing a 
35 high boiling inert hydrophobfc organic liquid into counter-flow contact with said reaction gas in said acrylic acid 

absorption column with the mass flow rate of the organic liquid fixed in the range of 0.2 - 4.5 times the mass flow 
rate of the acrylte acid in the reaction gas thereby absorbing acrylic acid In said organic liquid and obtaining an 
acrylic add-containing solution. 

40 2. Amethod according to claim 1 , wherein the temperature of the top of said acrylic acid absorption column is in the 
range of 20 - 70*C. 

3. A method according to claim 1 or daim 2, wherein the concentration of acrylic acid in the reaction gas obtained 
by the reaction of catalytic gas phase oxidation is in the range of 3 - 9 vol. %. 

45 

4. A method according to any of claims 1 - 3, wherein said organic liquid supplied for said absorption contains at 
least one member selected from the group consisting of N-oxyl compounds, phenol compounds, manganese salts, 
copper salts of dialkyl dithiocarbamic acid, nitroso compounds and amine compounds, or contains said one or 
more members plus phenothiazine. 

50 

5. A method for purifying acrylic acid, comprising a step of absorbing acrylte acid by supplying an acrylic acid-con- 
taining reaction gas component obtained by the reaction of catalytk; gas phase oxidation to an acrylic acid absorp- 
tion column and advancing a high boiling inert hydrophobic organic liquid into counter-flow contact with the reaction 
gas in said acrylic acid absorption column with the mass flow rate of the organic liquid fixed in the range of 0.2 - 

55 4.5 times the mass flow rate of the acrylic acid in the reaction gas thereby absorbing acrylic acid in the organic 

liquid and obtaining an acrylic acid-containing solution and 

a step of purifying said acrylte acid-containing organto liquid obtained by the preceding step. 
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6. A method for purifying acrylic acid, characterized by subjecting to said purification a high boiling Inert hydrophobic 
organic liquid containing a reaction gas connponent obtained by the reaction of catalytic gas phase oxidation and 
said organic liquid containing at least acrylic acid in an amount in the range of 18 - 75 weight %. 

s 7. A method for purifying acrylic acid, characterized by subjecting to said purification a high boiling inert hydrophobic 
organic liquid containing a reaction gas component resulting from the reaction of catalytic gas phase oxidation, 
said organic liquid containing at least acrylic acid at a concentration In the range of 18 - 75 weight %. 

8. A method according to claim 6, wherein said organic liquid subjected to said purification contains at least acrylic 
10 acid at a concentration in the range of 1 8 - 75 weight % and contains a low boiling substance at a ratio in the range 

of 5.0 - 1 0.0 weight % based on the weight of said acrylic acid. 

9. A method according to claim 6 or claim 7, wherein said purification is implemented by at least one method selected 
from distillation and stripping. 

15 

10. A method for absort^ing acrylic acid, which comprises contacting, in an absorption column, a gaseous reaction 
mixture that contains acrylic acid with a hydrophobic organic liquid having a high boiling point, characterized in 
that the ratio of the mass flow rate of organic liquid to the mass flow rate of acrylic acid present in the gaseous 
reaction mixture is maintained In the range of 0.2 to 4.5:1 , thereby resulting in selective absorption of the acrylic 

20 acid by the organic liquid to form an acrylic acid-containing solution. 

11. A method for absorbing acrylic acid as claimed in claim 10, wherein the gaseous reaction mixture is contacted 
with a hydrophobic organic liquid that does not react with acrylic acid, preferably in a countercurrent direction. 

25 1 2. A method for absortDing acrylic acid as claimed in any one of the preceding claims, wherein the hydrophobic organic 
liquid has a boiling point higher than that of acrylic acid, preferably substantially greater than 14rc. 

13. A method of purifying acrylic acid, which comprises providing a solution of acrylic acid In a hydrophobic organic 
solvent having a high boiling point and then subjecting said solution to a purification step, characterized in that 

30 said solution comprises from 1 8 to 75 % by weight of acrylic acid. 

1 4. A method of purifying acrylic acid as claimed in claim 1 3, wherein the solution of acrylic acid is provided by absortDing 
acrylic acid in a hydrophobic organic solvent by a method as claimed in any one of claims 10 to 12. 

35 15. Purified acrylic acid obtainable by a method as claimed In any one of claims 5 to 9, 13 or 14. 
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